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Structured Abstract  
 
Purpose – This paper investigates the interrelationships between knowledge integration 
(KI), product innovation and capability development to enhance our understanding of 
how firms can develop capability at the firm level, which in turn enhances their 
performance. One of the critical underlying mechanisms for capability building identified 
in the literature is the role of knowledge integration, which operates within product 
innovation projects and contributes to dynamic capability development. Therefore, the 
main research question is “how does the integration of knowledge across product 
innovation projects lead to the development of capability?” 
 
Design/methodology/approach – We adopted a case-based approach and investigated the 
case of a successful firm that was able to sustain its performance through a series of 
product innovation projects. In particular this research focused on the role of KI and firm-
level capability development over the course of four projects, during which the firm 
successfully managed the transformation of its product base and renewal of its 
competitive advantage. For this purpose an in-depth case study of capability development 
was undertaken at the Iran Khodro Company (IKCO), the key player in the Iranian auto 
industry transformation. 
 
Originality/value – This research revealed that along with changes at each level of 
product architecture “design knowledge” and “design capability” have been developed at 
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the same level of product architecture, leading to capability development at that level. It 
can be argued that along the step by step maturation of radical innovation across the four 
case projects, architectural knowledge and capability have been developed at the case 
company, resulting in the gradual emergence of a modular product and capability 
architecture across different levels of product architecture. Such findings basically add to 
extensive emphasis in the literature on the interrelationship of the concept of modularity 
with knowledge management and capability development. 
 
Practical implications – Findings of this study indicate that firms manage their 
knowledge in accordance with the level of specialization in knowledge and capability. 
Furthermore, firms design appropriate knowledge integration mechanisms within and 
among functions in order dynamically align knowledge processes at different levels of the 
product architecture. Accordingly, the outcomes of this study may guide practitioners in 
managing their knowledge processes, through dynamically employing knowledge 
integration modes step-by-step and from the part level to the architectural level of product 
architecture across a sequence of product innovation projects to encourage learning and 
radical innovation. 
 
Keywords – Knowledge integration, Capability development, Product innovation, Auto-
industry, Case study. 
 
Paper type – Academic Research Paper 
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1 Introduction 
This study investigates the interrelationships between knowledge integration (KI), 
product innovation and capability development to enhance our understanding of how 
firms, through pursuing product innovation at the project level, can develop capability at 
the firm level, which in turn enhances their performance. Theoretically it is argued that 
without application and integration of knowledge and development of capabilities in a 
firm there is less chance of success; however, it is not yet clear from existing empirical 
research how capabilities may be developed in product innovation projects. 
One of the critical underlying mechanisms for capability building identified in the 
literature is the role of knowledge integration, which operates within product innovation 
projects and contributes to dynamic capability development (Grant, 1996). Due to such 
interdependencies and the fact that there are fewer insights on how KI contributes to 
successful strategic renewal and capability development this study examines the 
interrelationships between KI and capability development in the context of product 
innovation projects. Therefore, the main research question of the study is “how does the 
integration of knowledge across product innovation projects lead to the development of 
capability?” 
To this end the study has adopted a case-based approach and investigated the case of a 
successful firm that was able to sustain its performance through a series of product 
innovation projects. In particular this research focused on the role of KI and firm-level 
capability development over the course of four projects, during which the firm 
successfully managed the transformation of its product base and renewal of its 
competitive advantage. For this purpose an in-depth case study of capability development 
was undertaken at the Iran Khodro Company (IKCO), the key player in the Iranian auto 
industry transformation.  
2 Literature review 
Knowledge integration in firms has received considerable attention in recent research 
(Mohannak, 2011; Tell, 2011; Zirpoli and Camuffu, 2009; Jacobids, et al., 2009). In 
particular the research has highlighted the pivotal role of knowledge integration in 
creating and sustaining firms’ innovative and competitive advantage (Nassim, 2009; 
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Kraaijenbrink et al., 2007). From the perspective of the knowledge-based theory of the 
firm, the main problem lies in assuring the most effective integration of individuals’ 
specialized knowledge at the lowest attainable cost (Grant, 1996). A central claim of the 
knowledge based theory of the firm is that organizational capabilities depend not only on 
specialized knowledge held by individuals but also on an organization’s ability to 
integrate that specialized knowledge (Huang and Newell, 2003). The knowledge-based 
theory thus extends existing theory on organizational differentiation and integration to 
include the differentiation and integration of knowledge. Stemming from the need for 
differentiation and integration, the theory of knowledge integration emphasizes the 
economic value of specialization and the effectiveness of integration. In other words, 
competitiveness depends on the diversity and strategic value of specialized knowledge, as 
well as an organization’s capacity to integrate the knowledge in an effective manner. 
Grant (1996) describes the integration of individuals’ specialized knowledge to create 
value as a key capability. 
Following knowledge-based theory of firm, Alavi and Tiwana (2002) has defined KI 
as synthesis of individuals’ specialized knowledge into situation-specific systemic 
knowledge. This definition is based on the fact that the specialization of organization 
members turns organizations into distributed knowledge systems in which the range of 
knowledge that is required for production or innovation is dispersed over organization 
members. Therefore, organization members have to integrate dispersed bits of specialized 
knowledge held by individuals, i.e., to apply this dispersed knowledge in a coordinated 
way. In this sense, knowledge integration is essentially a matter of organization, and the 
ability to create and exploit useful combinations is the raison d’être of firms (Kogut and 
Zander, 1992).  
Another definition is given by Huang and Newell (2003), which is defined as: “an 
ongoing collective process of constructing, articulating and redefining shared beliefs 
through the social interaction of organizational members”. In fact, the emphasis on the 
need for communication and shared knowledge which is to be found in much product 
development literature is reflected in this definition. This is to say that new product 
development team members must be able to communicate in a manner that is meaningful. 
Moreover, they must be able to create new knowledge. In this way, the outcome of 
knowledge integration consists of “both the shared knowledge of individuals and the 
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combined knowledge that emerges from their interaction” (Okhuzen and Eisenhardt, 
2002).  
However, as emphasized by Huang and Newell (2003) it is crucial to recognize that 
cross functional knowledge integration within the context of a project team is not limited 
to a focus on the dynamics occurring within the team boundary. It is equally vital to 
understand the dynamics of knowledge integration beyond the team boundary, in 
particular in relation to knowledge integration within or outside the firm and with all 
stakeholder groups. In this view, knowledge creation, sharing and transfer constitute an 
important component of knowledge integration. Indeed, facilitating the combination of 
knowledge elements relies on the ability to create shared agreements across different 
expertise. Therefore, for the purpose of this paper knowledge integration is defined as all 
activities by which an organization identifies and utilizes internal and external knowledge 
including creating, transferring, sharing and maintaining information and knowledge.  
Knowledge integration, therefore, is a fundamental process by which firms gain the 
benefits of internal and external knowledge, create competitive advantage and develop 
capability. However, characteristics of new technologies and learning processes are such 
that organization members have to specialize in order to acquire a high level of expertise. 
As emphasized by Gittell (2002) organizational routines in particular cause predictable 
patterns of collective behavior, and hence are appropriate integration mechanisms in 
stable environments. Routines also support complex, simultaneous and varied sequences 
of interactions among agents Becker (2003). Grandori (2001) suggests that the tacit and 
unobservable nature of judgment and action generates epistemic complexity. Such 
complexities can be captured in tacit organizational routines which in turn allow for task 
partitioning and for specialization among organizational members.  
In contrast to these internalizing features of learning through experience accumulation 
and routines, literature also has emphasized the need for firms to acquire knowledge from 
external sources. External knowledge, generally, can be traded in labor or intellectual 
property markets. It tends to be rather technical and explicit, which makes it relatively 
easy to acquire, be it through internal training or simply by ‘hiring’ a specialist in the 
market. External knowledge does not lead to differentiation, although it may be essential 
for any given firm because a certain level of this type of knowledge is indispensable for 
competitive survival. In contrast, internal knowledge is idiosyncratic and typically related 
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to a particular firm and refers to and is embedded in its particular organizational context. 
Hence it constitutes a critical source of sustainable competitive advantage. 
In sum, new product development and innovation requires the use of a multitude of 
skills and expertise, as well as the accumulated knowledge of the organization in order to 
maximize the performance of the new product. The integration of all this accumulated 
knowledge into the business processes used by these skilled and experienced employees 
has great potential to improve the new products themselves. 
3 Research design 
3.1 Methods 
In accordance with the objective of this research the study focused on the 
interrelationships between IKCO’s knowledge processes and its impact on capability 
development across these four product innovation projects. In this regard the research 
adopted a detailed fieldwork-based qualitative approach to study the relationships.  In 
total 37 key informants with more than 10 years of experience in the case company were 
interviewed. The interviewees were selected based on information gained through the 
pilot study. The interviews were conducted during 22 site visits and within a four-week 
time frame. The interviews were mostly conducted at the interviewees’ workplace.  
These interviews with organizational members involved in new product development 
were conducted to assess their perspectives on and experiences with knowledge 
integration within product innovation. Each participant was asked questions about a 
specific product innovation project. Some interviewee reports were retrospective, while 
others were contemporary in terms of the activities they described. Interviewees were 
drawn from various organizational levels. Data about development processes and projects 
were compared and integrated across informants. The interview data were also 
triangulated with other data. In addition, diverse secondary sources of information from 
company websites, annual reports, newsletters and news websites, other related websites 
and company archives were collected. These sources of information were used to collect 
data about the development of existing capabilities in IKCO across four product 
innovation projects, namely Pars, Samand, Soren and Dena projects. 
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3.2 The projects background 
As mentioned, this study proposes that capability development is achieved through 
knowledge processes managed across product innovation projects. A review of the 
IKCO’s product innovation projects within the pilot study showed that capability has 
matured in this firm over a period of 18 years and over the course of four product 
innovation projects, which are briefly explained below:  
Pars project: From 1994 to 1997, car imports were restricted (based on tariff rates 
between 90% and 195%) to save the market for IKCO, and therefore, imported cars were 
very expensive, and as the volume of local production were limited, long queues for 
product purchase resulted. This situation minimized the risk of developing a new car and 
IKCO decided to work with Peugeot to transfer its platform technology used in the 
Peugeot 405. Meanwhile, local suppliers were encouraged to localize part production to 
achieve self-sufficiency in producing the Peugeot 405. Finally, Peugeot Pars (in this paper 
referred as Pars), which was a semi-developed idea of Peugeot, was co-developed by 
IKCO. 
Samand project: Before this project, since Peugeot was the brand owner, IKCO had 
limitations in making changes. Accordingly, IKCO took a big step toward capability 
development by developing a “national car” called the Samand. The design of this car, 
between 1996 and 2001, was managed by IKCO and learning was key priority—not profit 
making—and the company emphasized long-term returns. Developing the Samand, in 
brief, allowed IKCO to design a car which met most of the Iranian market’s needs and 
was adaptable based on market dynamics. 
Soren project: Since the Samand was IKCO’s first experience at designing a car under 
its brand, the failure rate reported by consumers was higher than normal. These reports 
indicated that IKCO had not yet completed the learning cycle and still needed to apply the 
knowledge which was learned during the Samand project. Accordingly, IKCO created an 
internal force to amend the Samand’s design. The Soren was designed at IKCO between 
2005 and 2008. In this project, some of the Samand’s subsystems were replaced by new 
high-tech subsystems. Furthermore, local suppliers grew and made alliances directly with 
foreign partners. After establishing their production lines within the Pars and Samand 
projects, the local suppliers started to learn about designing subsystems, and gradually 
formed their own research and development (R&D) departments. 
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Dena project: Based on a general trend toward economic liberalization, the custom 
tariff for car imports started to decrease from 2009 and the rate of car imports 
dramatically increased. Since foreign car producers had developed cars for different price 
segments of the market, in the Iranian market they could offer products closer to 
consumers’ requirements (in terms of quality and price) than IKCO could. To compete 
with such international competitors, IKCO had to aggressively develop a new car for a 
critical price segment of the market in which foreign products threatened IKCO’s existing 
products. Accordingly, between 2010 and 2012, IKCO developed the Dena as a luxury 
product based on up-to-date technology with a competitive price in the market. In this 
product, in addition to changing subsystems using up-to-date technology, a configuration 
of subsystems was selected in order to create the luxury attributes that consumers were 
looking for while still being affordable for a range of consumers to buy.  
4 Findings 
Data collected across four projects revealed a pattern of maturation of product 
innovation projects toward radical innovation, along with development of architectural 
knowledge and capability within the IKCO. Findings also showed that, in accordance 
with such knowledge and capability development processes across the product innovation 
projects, a modular product architecture has emerged at the case company. 
4.1 Maturation of radical innovation across the case projects 
A comparison between the depth of changes in IKCO’s products developed within the 
four projects—Pars, Samand, Soren, and Dena—and its products before undertaking these 
projects shows that IKCO has developed knowledge of designing cars across the case 
projects and integrated that knowledge into its new product development projects. The 
knowledge that IKCO had before these case projects was restricted to production 
engineering knowledge, which only allowed the company to improve production 
efficiency without being able to make any changes in product design. This point was 
raised within the interviews. For example, one participant commented:  
… we couldn’t even touch the design ... the product that we were assembling had its 
antenna on the right side based on its original English style of car design and we couldn’t 
even adjust it our style and transferring it to left side after 20 years of producing that.   
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However, by undertaking the case projects, IKCO started to change the design of its 
products and, over time, gradually increased the depth of changes which eventually 
resulted in changing the whole design of the product. Such progress in depth of 
innovativeness and developing “design knowledge” included four steps. 
First, IKCO gained knowledge of body design during its cooperation with Peugeot 
while developing Peugeot’s Pars product. The scope of change within this project was 
limited to changing the body of the car. Since the technology base of Peugeot’s products 
was higher than the technology base available in IKCO, it can be concluded that co-
development of one of Peugeot’s products gave IKCO the opportunity to learn about the 
general dimensions of the new technology related to IKCO”s task within the auto 
industry.  
Second, within the Samand project, IKCO changed components within the subsystems 
of its products. During this stage, IKCO developed a national CNG-based engine called 
“EF motor” for the Samand product. As a result of this change, IKCO adopted the new 
“power train” system for motors (as a component) to use in its products. Accordingly, 
IKCO developed knowledge of designing components and matching them within a 
subsystem. 
Third, IKCO experienced changing subsystems. For instance, during their 
development of the Soren product, IKCO designed a new axel for the “drive train” 
subsystem along with adopting air bags and an ABS system within the “electric/electronic 
subsystem”. Indeed, IKCO developed knowledge of changing different subsystems. Since 
during this project IKCO changed subsystems to new technology-based subsystems, it 
can be concluded that the application of new technology identified in the Samand project 
was connected to practices within functions resulting in the changed subsystems.  
Finally, the fourth step involved more radical change in different subsystems, 
upgrading them in accordance with a higher level of technology. During the Dena project, 
IKCO had to match different subsystems (based on new technology) together, forming 
new architecture. The new architecture included a new platform for the company’s 
products based on a new configuration of the product’s subsystems. Since during this 
project IKCO used a new technology-based configuration for its subsystems, it can be 
concluded that the technological knowledge which was combined with practices within 
functions (in the Soren project) was applied to organizational outcomes, resulting in the 
development of new product architecture.  
   
 
   
   
 
   
   
 
   
       
 
    
 
 
   
   10    
   
 
   
       
 4.2 Development of architectural capability at IKCO 
In the case of the Iranian automotive industry, before the Pars project, IKCO was the 
only key player in the market, and the source of economic return was cost reduction 
because the production scale and market share were secure. However, with the changing 
government policies toward opening the doors for car imports and the emergence of some 
carmakers inside the country, the situation was changed to a more competitive 
environment.. One informant explained this: 
Before Pars, we had been focused on localization of production of parts and self-
sufficiency which made the cost lower. This was the profiting mechanism at that time. 
However, later, the situation turned to a more competitive environment ... the products 
within the markets became more diversified covering a wide range of consumers’ tastes 
and we had to innovate and diversify our products. 
In general, by increasing the level of competition in the marketplace, automakers’ 
competitive advantage in terms of differentiation of their products compared to rivals’ 
products doesn’t last long. As one informant explained: 
The life cycle for a platform has been shortened compared to what we had before. It is 
because of competition, environmental requirements, standards as well as technological 
changes. For example, we have worked with Euro-4 standards but now we have to work 
with Euro-5 standards. The tastes of the consumers also changes; for example, they ask 
for upgrading the dynamic characteristics of a car like changes in the handling system or 
flexibility in the car’s wheel. Or, we have to design cars with more economic fuel 
consumption level which make us make cars lighter and apply new technologies. So, 
automakers have to change the platforms more frequently.   
In summary, by increasing the degree of competition, the capabilities of firms are 
imitated by competitors, and firms’ competitive advantage erodes over time. The new 
source of advantage is rooted in meeting consumers’ needs ahead of rivals. 
4.3 Transformation of IKCO’s capability base and emergence of modular product 
architecture 
Along with creation of new knowledge and capability at the case company, IKCO’s 
previous capability transformed and evolved into a new form. Such capability evolution 
in this study was found to be in form of emergence of modular product architecture out of 
the existing product base of the company. Within the auto industry, along with capability 
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development, firms tend to increase their level of outsourcing.  One participant 
commented on the role of such an outsourcing trend as: 
The most important issue impeding us from being innovative refers to our supply 
chain. If we want to be global we have to have a “global supply chain”. Most of the 
automakers in the world just focus on a small scope within the value chain and the rest is 
done by supply chain. The role of the supply chain is not only procurement but a “global 
supply chain” is also responsible for designing. This makes carmakers flexible enough to 
be more innovative. 
In this regard, across four projects, IKCO has followed this increasing trend in 
outsourcing its products’ subsystems. Another participant pointed out:  
We cannot deal with 5000 spare parts supplier and giving specifications for every 
individual part and exchanging engineering documents for each of them. But, we need 10 
tier-one suppliers which give us a whole system. The tier-one would cascade to the lower-
level spare parts suppliers; however, we as an OEM [Original Equipment Manufacturer] 
have the knowledge and capability to integrate the whole product, not them. We do the 
integration of the systems and styling and leave the designing at the “A” surface level 
with them. In terms of production, we keep pressing and body shop (which mostly include 
assembling) inside and outsource the rest. 
In sum, it appears that automakers, through modularity of organizational architecture, 
approach the emergence of a “product platform”. On the other hand, by outsourcing 
subsystems, the interdependencies within subsystems are increased and function-specific 
tasks within functions are separated from firm-specific tasks and, therefore, “modularity 
in product architecture” is achieved. 
5 Discussion 
Findings of this study show that across the four product innovation projects, 
architectural knowledge and capability have been created and integrated at the IKCO. In 
this regard, different product innovation projects included change at different levels of 
product architecture. This research revealed that along with changes at each level of 
product architecture (within each project) “design knowledge” and “design capability” 
have been developed at the same level of product architecture, leading to capability 
development at that level. Furthermore, it was found that such capability transformation 
resulting from such knowledge creation and integration over the course of case projects 
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included modularization of product architecture. Therefore, capability development in this 
case can be interpreted as modularization of organizational capability architecture, 
enabling firms to develop more modular new products capable of meeting a wider range 
of market requirements and more easily customized.  
More specifically, it can be argued that along the step by step maturation of radical 
innovation across the four case projects, architectural knowledge and capability have been 
developed at the case company, resulting in the gradual emergence of a modular product 
and capability architecture across different levels of product architecture. Such findings 
basically add to extensive emphasis in the literature on the interrelationship of the concept 
of modularity with knowledge management and capability development (Sanchez and 
Mahoney, 1996; D’Adderio and Pollock, 2014; Campagnolo and Camuffo, 2010). In 
particular, this argument extends the original suggestion in literature (Sanchez and 
Mahoney, 1996; D’Adderio and Pollock, 2014; Campagnolo and Camuffo, 2010), which 
was argued that creation of architectural knowledge and capability as a result of 
knowledge integration within product innovation would lead to modularization of 
organizational capabilities.     
Accordingly, IKCO has dynamically managed product innovation projects to 
increasingly develop the depth of innovation from part level up to architectural level. By 
maturation of radical product innovation, IKCO has gradually developed the architectural 
knowledge of the information structure of its products’ structure and the architectural 
capability to change its product structure. Such findings are aligned with Sanchez and 
Mahoney (1996), D’Adderio and Pollock (2014) and Campagnolo and Camuffo (2010), 
which argued that by developing architectural knowledge and capability, firms would 
achieve a complete “information structure” upon which they could increase “strategic 
flexibility”, leading to the emergence of “modular capability architecture”. 
Consistent with this view, architectural knowledge and capability have been gradually 
created across the four product innovation projects. By developing design knowledge, 
IKCO was able to change components and subsystems, which is consistent with achieving 
“resource flexibility”. On the other hand, by developing design capability, IKCO was able 
to reconfigure existing components and subsystems for meeting market requirements, 
which matches achieving “coordination flexibility”. Overall by integrating knowledge 
firm could   develop “resource flexibility” and “coordination flexibility” and it can be 
concluded that IKCO has actually developed strategic flexibility, which refers to the 
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development of modular product architecture. Such analysis is consistent with the 
findings of this research, revealing the emergence of modular product architecture across 
the case projects.  
However, step by step maturation of product innovation and integration of knowledge 
from part level up to architectural level of product innovation has led to “design 
knowledge” and “design capability” creation across the case projects, and the gradual 
creation of information structure at different levels of product architecture. In this regard, 
findings of this research extend the theory suggested by Sanchez and Mahoney (1996) to 
different levels of product architecture. More specifically, this study shows that 
development of information structure at lower levels of product architecture is the basis 
for knowledge integration at higher levels and undertaking deeper product innovation 
project.  
6 Conclusion 
Knowledge processes in creating organizational capability have been emerged as a 
dominant theoretical framework for explaining firms’ generation of and maintaining of 
competitive advantage. As a result, a debate has been raised on the role of knowledge 
integration in capability development. Also, current theoretical development in the 
literature points to the importance of a firm’s knowledge management approach for 
manipulation of their knowledge and capability bases for the purpose of adapting their 
strategic assets in response to the fast pace of environmental changes. Despite the critical 
role of knowledge integration approaches in the formation of such adaptation processes it 
is not clear how firms direct their knowledge management processes through employing 
suitable knowledge integration modes. This study elaborated the role of knowledge 
integration by revealing the mechanism underlying the interdependencies between the 
dynamics within the capability development and the dynamics of knowledge processes.  
Findings of this study demonstrate that the emergence of knowledge specialization 
from the part level up to the architectural level lead to learning and innovation within the 
firm. Conceptually these findings indicate that firms manage their knowledge in 
accordance with the level of specialization in knowledge and capability. Furthermore, 
firms design appropriate knowledge integration mechanisms within and among functions 
in order dynamically align knowledge processes at different levels of the product 
architecture.  
   
 
   
   
 
   
   
 
   
       
 
    
 
 
   
   14    
   
 
   
       
Accordingly, the outcomes of this study may guide practitioners in managing their 
knowledge processes, through dynamically employing knowledge integration modes step-
by-step and from the part level to the architectural level of product architecture across a 
sequence of product innovation projects to encourage learning and radical innovation. 
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